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Lessons Learned: Tidal Marsh Restoration 
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Resilience?
Think Like a Mountain 
…an appreciation for the 
profound interconnectedness 
in ecosystems…
Aldo Leopold, 1949
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The Marsh isn’t Resilient
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Restoration Site – Marsh change
Plants have retreated far more than expected. 
Bore 
holes
Preliminary ID:
Bactra sp. (Tortricidae)
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>95% plant death by July 1
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Stress kills 
2015 “Drought” 
70% decline
in biomass
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replaced by 
annuals
Time
Bolboschoenus maritimus
~100m apart
2017 – massive expansion of non-native cattail (Typha angustifolia)
narrow-leaved 
cattail roots 
produce phenolics
Saltiness of estuary soils
normal
2015
Record Low River Flow, 
April through August
Estuary Plant Height
Plants were 35% shorter 
and didn’t produce seeds
due to salt stress
Climate change and river flows... 2015 was a great test
(record low summer river flows - projected to be the average by 2050)
(35% less biomass to fuel
the food web … imagine 
this as the new normal!)
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~10-15cm standing water
(lesson – channel hydro 
loggers and LiDAR aren’t 
sufficient to document 
marsh surface drainage)
Post-restoration 
Marsh plain drainage
- Slope
- Lack of channels
- Dense vegetation
Full drainage of marsh plain 
Goose disturbance interacts with winter waves 
Geese 
• reduce bulrush stem density
• remove the roots that hold the soil
• disturb and loosen the soil
• disrupt the diatom “glue”
• excavate pits
Steve Mlodinow
Goose disturbance interacts with winter waves 
Grazed heavily
Not grazed heavily
Sandy soils
Erosion affects the slope of the marsh and tideflat
Distance along the sampling transect (m)
• Narrow and eroding marshes with steep slopes in zones 4 and 5
• Restoration zone is much flatter (farming legacy), which affects marsh drainage
(and its seaward marsh boundary is retreating rapidly)
healthy, resilient marsh 
restoration site
northern eroding marshes
  
Rhizosphere 
Phyllosphere
 
 
  
 
  Moths
Grazers
Salinity
Drainage (O2, chemistry)
Waves 
Sea level rise
Mycorrhizae
Macroinvertebrates 
Microbiome
Invertebrate grazers
???We know about…
Characteristics of a resilient marsh 
Topography – slope
Sediment supply 
Freshwater supply
Drainage and soil particle size
Plant species (e.g. river vs. 3-square bulrush)
Wave exposure
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Biggest restoration need: 
fix the delta plumbing
(levees and channels)
The Take-Home Messages
1. Summer flow - biggest climate change impact    (not sea level rise)
2. Climate change interacts with existing stress regime. 
3. Resilience to stress differs spatially across the estuary.
4. There are characteristics of resilient marsh that can be 
incorporated into adaptive management and restoration design. 
Jen Moslemi
Thanks! Roger Fuller 
Western Washington University
roger.fuller@wwu.edu
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